Abstract. Global databases of calcium carbonate concentrations and mass accumulation rates in Holocene and last glacial maximum sediments were used to estimate the deep-sea sedimentary calcium carbonate burial rate during these two time intervals. Sparse calcite mass accumulation rate data were extrapolated across regions of varying calcium carbonate concentration using a gridded map of calcium carbonate concentrations and the assumption that accumulation of noncarbonate material is uncorrelated with calcite concentration within some geographical region. Mean noncarbonate accumulation rates were estimated within each of nine regions, determined by the distribution and nature of the accumulation rate data. For core-top sediments the regions of reasonable data coverage encompass 67% of the high-calcite (>75%) sediments globally, and within these regions we estimate an accumulation rate of 55.9 + 3.6x10 TM mol yr '•. The same regions cover 48% of glacial high-CaCO3 sediments (the smaller fraction is due to a shift of calcite deposition to the poorly sampled South Pacific) and total 44.1 + 6.0x10 • mol yr '•. Projecting both estimates to 100 % coverage yields accumulation estimates of 8.3x10 •-mol yr '• today and 9.2x10 •2 mol yr '• during glacial time. This is little better than a guess given the incomplete data coverage, but it suggests that glacial deep sea calcite burial rate was probably not considerably faster than today in spite of a presumed decrease in shallow water burial during glacial time.
LGM is defined as 3180 
x 100 -%CaCO 3 where the %CaCO 3 value is derived from the gridded %CaCO 3 map. This expression is based on what we will refer to as the "constant dilution assumption" that %CaCO 3 can be used as an indicator for CaCO 3 MAR using a regionally uniform nonCaCO3 MAR. The calculation therefore requires a regional average value of the non-CaCO3 MAR and a gridded field of %CaCO 3 which resolves the calcite lysocline.
Regional Average Noncarbonate Accumulation Rates
We define 10 basin-scale regions where MAR data appear to be sufficient for analysis (Table 1 and (Table 2) .
Gridded Maps of Calcite Concentration.
The other required ingredient for calculating regionally integrated calcite burial rates is an estimate of the area in each region covered by high-%CaCO3 sediments. This we accomplish using the regional %CaCO3/depth relationship LGM. Mass accumulation rate data are very sparse in number, but the core-top data are spread out more than the very localized LGM data. There is better coverage of the oceans by the core-top data than by the LGM data. and a gridded field of the ocean bathymetry (from ETOPO-5) to generate a gridded field of predicted %CaCO 3 values. The gridding algorithm for core-top data was presented by Archer [1996] . Gridded %CaCO 3 values were interpolated in depth from ungridded data that fell within three-dimensional ellipsoids of the target point in latitude, longitude, and depth. For the core-top map the latitudinal sizes of the ellipsoids ranged from +5 ø at the equator to _+15 ø at high latitudes (to allow for equatorial heterogeneity) _+15øcos(latitude) longitudinally (to maintain constant width in kilometers), and ß +1000 m depth. The LGM data were processed using the same gridding algorithm but with larger ellipsoids, which ranged in latitude from _+ 8 ø at the equator to _+25 ø in high latitudes, and _+25øcos(latitude) longitudinally, and _+2000 m depth. For the core-top data set the method is able to predict each of the data points with an rms error of 13.5%. The error for the LGM is 22%; higher than the core-top error because of the 
Regional Calcite Accumulation Rates
Regional average calcite MAR was estimated by adding the results of the constant dilution method over each grid point of the gridded %CaCO3 field. Histograms of the gridded calcite MAR estimates differ somewhat from those of the ungridded MAR data because of the scarcity of the data (Figure 10) . However, the gridded values also incorporate information from the gridded %CaCO3 map, which is based on greater data density. A particular weakness of the constant dilution method is that the uncertainty in the calcite accumulation rate increases greatly as %CaCO 3 approaches 100, so that an error in the high range of %CaCO 3 will be amplified when it is used to calculate calcite MAR. To counter this, we capped the inferred CaCO 3 MAR in the gridded field at a value of 2.0 g cm -2 kyr -l, or the highest calcite accumulation value observed in the region, whichever is higher (Table 2) . The complicated dependence of each gridded %CaCO3 value on the ungridded data and the nonlinear dependence of the accumulation rate estimate on the gridded %CaCO 3 make it challenging to assess the uncertainty in regional MAR estimates due to the %CaCO3 field. We used a Monte Carlo method which allowed random noise in the ungridded %CaCO3 data to generate noise in the gridded maps. For each of 100 trials a random uncorrelated component of noise was added to each ungridded %CaCO3 value in the data set. The amplitude of the noise imposed on the ungridded data was taken from the accuracy with which the gridding method is able to reproduce the observed %CaCO3 data. For each trial, the ungridded %CaCO3 data with superimposed variability were used to create a gridded map of %CaCO3. The best estimate of %CaCO3 at each grid point was taken to be the mean overall Monte Carlo simulations, and the sensitivity of the MAR estimate to %CaCO 3 uncertainty was derived from the variation in calculated regional MAR between the Monte Carlo simulations (Table 3) The uncertainties in our final estimates vary by region depending on how much MAR data exist in each area (Table  4) . The uncertainties are fairly high in some regions, but this situation will improve with more MAR data in the future.
Uncertainty in Regional Calcite

Results and Discussion
The estimates of shallow water deposition rates and an assumption that the ocean was in steady state, which predict that the locus of carbonate burial shifted from the shallow seas to the deep ocean during glacial times. If shallow water deposition accounts for roughly the same scale of CaCO 3 burial as the deep sea today [Milliman, 1993] , and shallow water deposition was significantly less during LGM [Opdyke and Walker, 1992; Milliman, 1993], then we might expect as much as double the Holocene rate of deep sea CaCO3 deposition during LGM. Possible explanations include (1) the oceans still being out of steady state following the perturbations to the alkalinity cycle in the ocean associated with the glacial termination (coral growth, forest uptake of CO2, and any change in steady state ocean alkalinity), (2) an LGM weathering rate decrease due to a slower glacial hydrological cycle, (3) LGM shallow water depositions being larger than is generally believed, or (4) estimates of presentday deposition rates may be high. If the rate of shallow water deposition today is lower than is generally believed, then the same relative decrease would be less significant to the global ocean alkalinity budget. Resolution of these issues may require a longer time sequence of deep ocean CaCO3 burial rate estimates and independent estimates of chemical weathering and shallow water CaCO3 deposition.
Summary
We attempt to estimate the LGM rate of calcite burial by interpolating measured mass accumulation rate data across variations in %CaCO3 by assuming the accumulation rate of non-CaCO3 material to be regionally constant and independent of %CaCO3. Burial rates decreased in the Atlantic and increased in the equatorial Pacific. The sum of the regional MAR estimates is 57.6 _+ 3.5x10 ]] mol yr '1 today and 43.7 _+ 6.0x1011 mol yr'] during LGM, where uncertainties represent 95% confidence limits. However, only 67% of the present-day area of high-CaCO3 sediments are actually included in regions of adequate MAR data coverage, and 48% of LGM high-CaCO3 sediments. If we normalize these estimates by high-CaCO3 sediment coverage we conclude that the globally integrated burial rate of CaCO3 during L• was not significantly higher than today (8.6 and 9.2x1012 mol yr '], respectively). The results from this study imply either (1) a non-steady state ocean on timescales of the glacial/interglacial cycles, (2) a glacial decrease in weathering rates, (3) that the rate of shallow water CaCO 3 deposition during LGM was comparable to today, or (4) that present-day shallow water deposition today is insignificant relative to deposition in the deep sea.
